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Abstract -  Different distributions o f fluorotic dental enamel within the dentition 
have been described in the literature. This report describes two patterns o f intra­
oral distribution. In nine Tanzanian low fluorosis communities with a prevalence 
o f  pitting fluorosis o f less than 2% and in five moderate fluorosis communities 
with a prevalence o f pitting fluorosis o f 16-59%, incisors and first molars were 
the least affected teeth. In four high fluorosis communities with a prevalence of  
pitting fluorosis o f  86-97%, maxillary incisors exhibited lower Thylstrup- 
Fejerskov Index values than the maxillary canines, premolars and molars. The 
mandibular teeth exhibited increasing Thylstrup-Fejerskov Index values from the 
anterior to the posterior region. The curves presenting the intraoral distribution 
o f  the severity o f  dental fluorosis corresponded with the curve presenting the 
completion time o f  primary enamel formation o f the various tooth types, with 
the exception o f  the first molars in high fluorosis communities. The similarity of  
the curves suggests that the later in life enamel is completed, the higher is the 
severity o f  dental fluorosis. This relation seems to be explained by the prevailing 
feeding and dietary habits, which result in minimal intake of fluoride in the first 
18 months o f life during breastfeeding, followed by increasing fluoride ingestion 
in the following years through consumption of tea, seafish and F-containing ma- 
gadi salt.
There is no unanimity about the intra­
oral distribution o f  signs o f dental flu­
orosis. There is consensus though that 
contralateral teeth exhibit similar sever- 
ity o f fluorosis (1, 2). To a certain extent 
there is also consensus regarding the 
similarity in the distribution o f fluorotic 
enamel among corresponding tooth  
types in the maxilla and the mandible 
(1, 2). However, the severity o f  fluorosis 
in different tooth  types has been re­
ported to vary and different intraoral 
distributions have been described. Most 
studies report that the incisors and first 
molars show less severe dental fluorosis 
than the canines, premolars and second
molars (3-7). One study reports that 
the maxillary incisors had the highest 
score and the first molars the lowest 
score (8). In contrast, another study 
shows that the first molars are the most 
severely affected tooth type (2). An 
increase in severity of fluorosis from an­
terior to posterior teeth has also been 
observed (1). Studies conducted in 
countries of the industrial world among 
populations in low fluoride areas receiv­
ing fluoride supplements for caries pre­
vention report distributional patterns 
of fluorosis which are different from 
those described in the studies cited 
above (9, 10).
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This report contains findings from a 
cross-sectional survey on dental fluo­
rosis in different geographical areas in 
Tanzania, where parts of its population  
are exposed to high fluoride drinking 
waters or diets or both. Three reports 
based on findings from that survey have 
been published. One contained a com ­
parison o f two fluorosis indices ( 11) and 
the other two presented findings on the 
prevalence and severity o f  dental fluo­
rosis in relation to fluoride exposure 
(12, 13). This report contains findings 
on the intraoral distribution o f  signs of 
fluorosis in areas with different degrees 
of fluorosis and in addition it gives a
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Fig. 1. Cumulative frequency distribution of children (in 18 villages o f  4 districts) according to the highest TFI score o f  their dentition
possible explanation for the differences 
in the distribution patterns of fluorotic 
enamel within the dentition.
Material and methods
The coastal districts Pangani and Mu- 
heza and the inland districts Singida 
and Iramba in the west of Tanzania at 
1500 m altitude were the areas where 
the study was conducted. Table 1 pre­
sents the sample size and some relevant 
characteristics of these districts (13). 
The method of selecting 18 villages in
these districts is described in detail in a 
separate article (13).
All children aged 12-17 years (/?= 
1566) attending primary school who 
had been born and raised in the re­
spective villages were examined for den­
tal fluorosis. Each child was examined 
in a portable chair under natural day­
light in a shaded area by L.M. Buccal 
surfaces of all erupted permanent teeth, 
except the third molars, were wiped 
with cottonwool and dried using an air- 
blower; then cotton rolls were put in 
place and left for 2 min before examina­
tion. Teeth were scored according to the 
Thylstrup-Fejerskov Index (TFI) (1). 
Permanent teeth with the buccal surface 
less than half erupted were excluded. 
Enamel changes which are not de­
scribed by the TFI were excluded from 
scoring. In case of doubt as to which 
TFI score should be given, the lower 
score was chosen.
Duplicate examinations were per­
formed in 111 children from the 18 
villages. A measurement error occurred 
in 4.5% of all scores. The weighted 
Kappa appeared to be 0.87 and the
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Fig. 2. M ean TFI score per tooth type in all 1 8 villages grouped per district.
measurement-remeasurement correla­
tion was 0.97.
Results
Fig. 1 shows the prevalence and severity 
of dental fluorosis among children in 
the 18 villages. The cumulative fre­
quency distribution figures reveal a 
prevalence of fluorosis of up to 46% in 
the villages of the two coastal districts. 
Severe fluorosis with enamel pitting 
(TFI>4) occurred on average in less 
than 2% of the children. In contrast, the 
Singida district showed an overall 
higher prevalence of fluorosis of 53% to
95% in different villages. Severe fiuoro- . 
sis (TFI >4) was seen in 16% to 59% of 
the children in the different villages, In 
the Iramba district the overall preva­
lence was almost 99%, with 86% to 97% 
of the children having severe fluorosis 
in the different villages.
The intraoral distribution of the se­
verity of fluorotic enamel in the nine vil­
lages in the two coastal districts Pangani 
and Muheza was comparable, with the 
incisors and first molars having the low­
est TFI values (Fig. 2). In addition, the 
intraoral distribution in the maxilla and 
mandible appeared to be similar. A com­
parable pattern of distribution of fluo-
rotic enamel of the different tooth types, 
though on a higher TFI level than in the 
coastal villages, was found in the five vil­
lages in the Singida district. In contrast, 
the four villages in the Iramba district 
showed a different intraoral distribution 
of fluorotic enamel (Fig. 2). Firstly, the 
intraoral distribution of fluorotic 
enamel in the maxilla and in the mand­
ible in Iramba was different. Secondly, 
the maxillary incisors exhibited lower 
TFI values than the maxiLlary canines, 
premolars and molars, whereas the man­
dibular tooth types exhibited an 
increased TFI value from anterior to 
posterior teeth.
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Table 1. Sample size and characteristics of the districts investigated
District
Children
n Location
Altitude
m
Water 
mean F mg/L
Magadi salt 
mean F mg/L
Pangani 233 NE coast sea level 0.2- 0.6 not used
Muheza 291 NE coast sea level 0.3-0.8 not used
Singida 588 Mid-west 1500 0.4—0.7 128
Iramba 454 Mid-west 1500 0.4-0.8 2638
Discussion
The present study revealed two patterns 
of fluorotic enamel within the dentition. 
One pattern was found in the low to 
moderate fluorosis communities and 
another pattern was seen in high fluo­
rosis communities. The pattern of the 
intraoral distribution of fluorotic 
enamel in the present low to moderate 
fluorosis communities is similar to the 
pattern found in other low to moderate 
fluorosis communities (3-7). The 
pattern of fluorotic enamel within the 
dentition in the present high fluorosis 
communities shows similarities with the 
pattern reported in a corresponding 
high fluorosis community in Tanzania 
(1).
The intraoral distribution of the se­
verity of dental fluorosis has been sug­
gested to depend either on the thickness 
of the enamel ( 1 ) or on the length of the 
enamel formation period (14). The two 
patterns of intraoral distribution of
fluorotic enamel in this study do not 
clearly correspond with the thickness of 
the enamel.
Fig. 3 depicts the age at the start and 
the end of primary enamel formation of 
the various teeth (15). Some data (10) 
support the hypothesis that fluorosis 
may continue to develop for 1 to 2 years 
after the end of primary enamel forma­
tion but omission of this maturation 
period does not influence the shape of 
the curve indicating the end of primary 
enamel formation. Fig. 3 shows that the 
length of the enamel formation period 
does not correspond with the severity of 
fluorotic enamel of the respective teeth. 
For instance, the canines have the long­
est enamel formation period, but they 
are not the most severely affected tooth 
type according to Fig. 2. The curve in­
dicating the end of primary enamel for­
mation matches well with the curves 
presenting the intraoral distribution of 
the severity of fluorosis in the low and 
moderate fluorosis areas (Fig. 2). The
similarity of the curves seems to sup­
port the hypothesis (10) that the later in 
life enamel formation is completed, the 
more severely the teeth will be affected.
An explanation for this can be 
found in the local conditions 
regarding the intake of fluoride. The 
investigated villages had drinking 
water with a low F content (Table 1). 
The people in low fluorosis villages in 
the coastal districts drink a lot of tea 
and eat a lot of seafish (12, 13), 
whereas those in moderate fluorosis 
villages in the Singida district con­
sume fluoride-containing magadi salt 
(Table 1). Children in these communi­
ties are not likely to ingest much 
fluoride in the first year of life. In ru­
ral Tanzania 75% of the infants are 
still breastfed on demand up to the 
age of 18 months (16), Breast milk 
contains very low F concentrations, 
regardless of the amount of fluoride 
ingested by the mothers (17, 18). Dur­
ing weaning, the children start to eat 
the same food as the adults, resulting 
in a gradual increase in the intake of 
dietary fluoride with age. Thus the 
fact that these communities exhibited 
more severe fluorosis in teeth com­
pleted later in childhood than in teeth 
completed earlier seems to be ex­
plained by the prevailing feeding and 
dietary habits which result in increas­
ing fluoride ingestion with age.
Although the above provides a like­
ly explanation for the observed intra­
oral distribution of fluorotic enamel in 
low and moderate fluorosis communi­
ties, the effect of wearing of the outer­
most porous enamel surface soon after 
eruption of teeth, which has been sug­
gested to occur (1), cannot be exclud­
ed as an alternative explanation. Such 
a mechanism could explain the rela­
tively low TFI values of incisors and 
first molars in the examined children 
aged 12-17 years in the present low 
and moderate fluorosis communities. 
However, it is yet uncertain if wearing 
could decrease the TFI values, since 
this has not been substantiated by 
data from longitudinal studies on den­
tal fluorosis.
A correspondence between the curve 
indicating the completion time of prim­
ary enamel formation and the curves 
showing the intraoral distribution of 
the severity of fluorotic enamel in high 
fluorosis communities was less evident.
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Fig. 3. Starting time and time of completion of primary enamel formation per tooth type 
according to W a t s o n  &  L o w r e y ’s  data (15). The grey area indicates a period of 18 months 
during which 75% of the infants are breastfed (16).
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Particularly the relatively high TFI val­
ues of the first molars did not match 
with the curve of the completion time 
of primary enamel formation. Pitting of 
the enamel is known to occur posterup- 
tively (1, 19). The severity of pitting is 
determined by both the degree of por­
osity of the enamel at the time of erup­
tion and the extent of exposure of the 
tooth surface to masticatory forces. 
T h y l s t r u p  (19) has described the oc­
currence of pitting of permanent inci­
sors soon after eruption in a 6-year-old
*
girl. He observed less severe pitting of 
the incisors 1.5 years after eruption 
than after 1 year. Another study with 
a cross-sectional study design suggested 
that pitting of the enamel surface con­
tinues for several years after eruption, 
resulting in higher TFI values (20). Epi­
demiological data from longitudinal 
observations are lacking, and hence it 
remains unclear whether the relatively 
high TFI values of the first molars in 
the 12-17-year-old children of a high 
fluorosis community are the result of 
continued pitting.
In conclusion, two patterns of dis­
tribution of fluorotic enamel within 
the dentition were described, one in a 
low to moderate fluorosis area and 
one in a high fluorosis area. The intra­
oral distribution of the severity of 
dental fluorosis was related to the 
completion time of primary enamel 
formation of various teeth, with the 
exception of the first molars in high 
fluorosis communities.
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